1. Danger from aalei(cve)aicomiacle|patsvales 


Individuals struck by falling meteorites have been 


recorded in two cases: the 1954 Sylacuga, Alabama | 


meteorite of 4 kg mass, which indirectly hit Ann 
mlelelelers 
meteorite fall where a 4g-sized meteorite struck a 
young boy. Neither event was fatal. 
oFeparclolstoim o)’amenlciicle)airctomrcl comm aaleleiammanle)c-mere)aalanle)amrvale, 
Include mailboxes ( ) and cars ( ). 

Jato) VAsum larclamenlei(sxe)aitommiecle] ani) aitswe)mme)ce(-)an Ome 
kg may cause serious human injury/fatality. Halliday et 
al (1985) estimated a human is struck once per 
decade by a meteorite (most likely gram-sized) while 


more than a dozen structures should be Hees 
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2. Updated flux.estimates and impactor sizes 


The original Halliday ét al (1985) analysis used an 
early flux estimate of meteorite falls based on MORP 
data and several assumptions. 


Bland-and Artmeieva (2006) provide estimates of the 
relative number of impactors at the top of the 
* atmosphere to meteorite fragments reaching the 
surface. Their results suggest that the ground-level 
flux of meteorites is one order of magnitude lower 
than the flux at the top of the atmosphere ( ). 
Using this relationship, assumptions from Halliday et 
=\ i cksto) w= lele) 0] malulaat=lamiele)(e)aialm-laremsyiauleli0|c-miere)ie)aiall 
are combined with modern estimates of flux. The 
Space debris re-entry flux is also shown; here the 
Survival fraction would be expected to be much larger 
and very different in nature. Summarizes 
S>.4 olo1e] (210 Mm <i ale) (ommerslanrsle(smmiccre|Ul=)alen)am Comm ale laerelalswercl are, 
structures at various thresholds. 


Given the large number of uncertainties In this 
elarclNASHiswurcin ele) aeliale mm cclalelomrclaleimsysiiigarclisme)imialcun eleysy| 
value is provided together with the underlying 
elstsi0 190) @)i1e) aise 


ms \V/(eyreXe)ce)(olmi|Up reliant glow ce) oye)inialedrclimaleyss 6) pleice eyetsyese) 
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RSDSTCp (Ul arelau en) exctejmmitctsjaletsymcolulefefssurcynrclin-A0)i149) rel plel re} fe)eyel, 
ole) (olsun lUb Gum sssiilparelicrsoum( ele) Vo) qu lehuumiinmceymelelircl yale) w/apyenreye 
Lan) oyekerroy esa /ita=ralesce|iessmteleelyau terete Omi ale( 166) /al elu rel is 40)0)2)) 
Also shown for comparison are the cumulative annual number 
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Structures 


meteorite fall in 1984 included a 1.5 
kg meteorite which struck a mailbox. 
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— (upper left image) and the 1992 Mbale | 9 = 


‘e@ 2: The Peekskill, New 
York meteorite (12 kg) struck a 
Chevy Malibu in 1992. 


- Kinetic energy 


The Claxton, | Georgia 


of individual meteorite 
ieclelantlaies at Tea) eys{orI 
assuming terminal velocity. 
mlOar4eaitel is KE 
Haat unk) are) 0by/-yn ©) ce) 0)= 10) | /iNVamre) 
human fatality based on 
Swisdak et al (2007) 
analysis. Ss 5 jJ9> ds 
estimated 1% lethality from 
10° Janser (1982). 


Meteorite Mass (kg) 


0.1 Diameter (m) 


Suggs et al (2014) 
eee Halliday et al (1996) 
ems Space Debris Re-Entry 


ex Brown et al (2002) 


10° 10% 10= Ge 
Impact Energy (kT TNT equivalent) 


Type of Damage 


Human fatality (50% 
probability) 


Human Injury (1% 
probability 

Detectable fragment hitting 
a person 


Fragment hitting structure 
which may cause 
noticeable damage 


Fragment hitting structure 
and penetrating 
root/causing significant 
| damage 
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: Estimate of recurrence interval of kinetic damage to various thresholds for humans and structures. 
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current world population and assumes everyone Is outside all the time. The lower limit assumes current world | 
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Limiting 

mass atthe Number of years between events 
ground (kg) 
> 0.1 140 < Y< 8500 

~thousands of years (best estimate) 
50 < Y < 3000 

~few hundred to a thousand 
2<Y<120 

~decade 

0.03 < Y <0.1 

several tens of structures per year 


> 0.03 


>0.005 


> 0.03 


0.2 < Y < 0.5 (2-5 buildings per year globally) 
North America only (3 < ¥Y < 5) 
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Following Halliday et al (1985) we limit our statistics of stpuctures damaged to reports from North 


America. From 1962-2016 there were 


Bulletin). Of these, 
AN paro)alemtalstsicy 


Tale \Co)ada Mav aalsyalersMmO\(oikcve)aiilersl 


and 3 more struck cars. 


. From our 


roof penetration rate estimate of once every 3-5 years in North America, we would predict 11 - 18 


Su levamel alee (=)ayes 


- In good agreement - 
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probability. One person has been recorded hit by insulation from re-entering rocket debris, but no 
o)ial=lam (alcyivomefelparcle(om a=) ele) at-romice)aalesy ey-erome(-10) 4 om 
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Comparing the natural meteorite flux at the Earth’s surface to that of space debris, re-entering 
debris is ~2 orders of magnitude less of a kinetic hazard at all but the very largest (and therefore 
rarest) sizes Compared to natural impactors. Debris re-entries over several metric tonnes are 
Kolb le} alhyarckswiccre|Olsvalmrctsm aroliOleclimian) ercleice)eswm elu) mial=mciU) aVANVcclimi melee) aim lsm=).4elo1e](=10 mm Cen elomanluleamalle|arcle 
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We expect fatalities to be even more rare, on the order of one person killed per several millennia. 
That several reports exist of small fragments/sand hitting people during meteorite falls is 
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